Development of social-ecological conceptual models as the basis for an integrated ecosystem assessment framework in Southeast Alaska. Ecology and Society 24(3):30. https://doi.ABSTRACT. Integrated ecosystem assessment (IEA) is a framework that organizes and summarizes science to aid in the transition from a traditional single sector toward a holistic management approach known as ecosystem-based management (EBM). An essential step of the IEA framework is the development of conceptual models. These models allow the integration of intrinsically linked social, environmental, and biological components of marine ecosystems that is pivotal to address unsolved questions in fisheries management. We constructed social-ecological conceptual models of relevant commercial and subsistence fisheries for Sitka, a fisheries-based community in Southeast Alaska, by collecting and synthesizing available scientific information, local ecological knowledge (LEK), and qualitative information. We conducted focus groups with key informants in Sitka who had in-depth knowledge of their community's interactions with local fisheries and the structure and function of the surrounding ecosystem. The resulting conceptual models coproduced by scientists and Sitka stakeholders, illustrate the main biological and environmental factors driving the abundance of Pacific halibut (Hippoglossus stenolepis) and Pacific herring (Clupea pallasii) in Southeast Alaska. Furthermore, these coproduced models elucidate how the interaction between Sitka residents and these fisheries affect community well-being. Our models will serve as the basis to assess EBM objectives for Sitka as part of an IEA place-based framework. This study also highlights the importance of integrating LEK into science and potentially into the broader Alaska fisheries management structure.
INTRODUCTION
For the past several decades there has been growing realization among managers, scientists, and stakeholders of the need to expand fisheries management beyond single-species considerations. The rationale for this wider approach stems in part from poor performance of single-species management in many fishery systems worldwide (Pikitch et al. 2004 ), but more broadly includes a general appreciation for the importance of socio-economic components, climate, species interactions, and the direct and indirect effects of fishing on target species, bycatch species, and habitats. Ecosystem-based fisheries management (EBFM) endeavors to manage fisheries in a manner that addresses the multiple objectives of stakeholders without jeopardizing options of future generations to benefit from the full range of ecosystem goods and services (Marasco et al. 2007 ). More broadly, ecosystem-based management (EBM) is an interdisciplinary approach that balances ecological, social, and governance principles at appropriate temporal and spatial scales to achieve sustainable resource use (Long et al. 2015) . EBM considers humans as part of a unified system that addresses all sectors including fisheries and other ecosystem services, while incorporating cross-sector trade-offs (Link and Browman 2014) .
In recent years, national and international intergovernmental and marine science organizations have moved toward the implementation of integrated ecosystem assessments (IEAs) to support EBM (ICES 2017) . IEAs are a critical framework intended to organize science to inform decisions in EBM at multiple scales and across different sectors (Levin et al. 2009 ). IEAs function to evaluate ecosystem status with respect to stated objectives while accounting for holistic impacts of management decisions, and help to guide the evaluation of management alternatives (Levin et al. 2009 ). Although IEAs were developed to be multisectoral, the process can be adopted for sector-specific applications such as fisheries (Link and Browman 2014) . Placebased and species-specific IEAs have also been established within IEAs that span a larger geographic scale. For example, smaller place-based IEAs established along the West Coast of North America such as the Monterey Bay and Channel Islands National Marine Sanctuaries are located within the California Current Integrated Ecosystem Assessment (CCIEA; Breslow et al. 2016 ). Levin et al. (2009) outlined a five-step process for IEAs, as shown in the National Oceanic and Atmospheric Administration (NOAA) IEA loop ( Fig. 1): (1) scoping to identify specific ecosystem objectives and threats, (2) indicator development where appropriate indicators of ecosystem status are identified and validated, (3) risk analysis to evaluate the risk to indicators posed by human activities and natural processes, (4) management strategy evaluation using an ecosystem modeling approach to evaluate the potential for different management actions to affect the status of natural and human system indicators, and (5) continued monitoring and evaluation of ecosystem indicators.
An essential part of the first stage (scoping) of the IEA loop is the development of conceptual models. Conceptual models are representations of systems that allow the integration of intrinsically linked social, environmental, and biological components (Levin et al. 2016a , Zador et al. 2017 . By incorporating and synthesizing information across a wide array of disciplines and sources, conceptual models have become an essential tool for identifying knowledge gaps, informing research needs, and developing EBM objectives and strategies (Harvey et al. 2016 , Zador et al. 2017 ). These models serve to address many questions in fisheries management and aim to ensure that management strategies translate into community well-being (Levin et al. 2009 , Levin et al. 2016a . Conceptual models facilitate https://www.ecologyandsociety.org/vol24/iss3/art30/ the selection of ecological and socio-economic ecosystem indicators, and they emerge as the basis for risk assessments and quantitative ecosystem models (Harvey et al. 2016 , Ingram et al. 2018 . The importance of properly developed conceptual models not only relies on their effectiveness in capturing the scientific understanding of an ecosystem, but also on their ability to promote engagement by stakeholders and scientists from different backgrounds, allowing the incorporation of diverse types of knowledge into these models (Levin et al. 2016b ). Fig. 1 . Five-step process associated with integrated ecosystem assessments (Levin et al. 2009 ). Conceptual diagram reproduced with permission from National Oceanic and Atmospheric Administration Fisheries.
Conceptual models benefit immensely from participatory methods such as collaborative workshops with scientists and local participants, i.e., charter fishing operators, fishermen, fishing industry reps, indigenous people, tourism developers, researchers, etc., who possess a deeper understanding of their local ecosystem based on day-to-day observation and practical experience (Ingram et al. 2018) . The incorporation of a place-based or local ecological knowledge (LEK) into science is needed to achieve sustainable, effective, and equitable management of fisheries at local scales (Palacios-Agundez et al. 2013 , Raymond-Yakoubian et al. 2017 , and can add legitimacy to management decisions (Wasdworth et al. 2014 ). Olsson and Folke (2001:87) defined LEK as "the knowledge held by a specific group of people about their local ecosystems. It concerns the interplay among organisms and between organisms and the environment. LEK may be a mix of scientific and practical knowledge; it is site-specific and often involves a belief component."
Here we describe the development of conceptual social-ecological models for Southeast Alaska with Pacific halibut (Hippoglossus stenolepis) and Pacific herring (Clupea pallasii) as focal species. These two species are among the most important commercial, recreational, and subsistence fisheries in the Gulf of Alaska (AFSC 2016 , Fey et al. 2016 . Despite their cultural, ecological, and economic relevance, a description and an understanding of the social-ecological systems surrounding these fisheries, including linkages between human, biological, and environmental components, is lacking, mainly because of the interdisciplinary challenges that these coupled natural-human systems entail. The models presented here were coproduced between scientists from the Alaska Fisheries Science Center (AFSC) of the National Marine Fisheries Service (NMFS) and University of Alaska Fairbanks (UAF) and stakeholders from the Sitka community, who were selected based on their experience and in-depth knowledge of the community's interactions with local fisheries and the surrounding ecosystem. Through data gathered from two participatory workshops and an extensive literature review of ecosystem attributes of the Gulf of Alaska, we characterized the main biological and environmental factors driving the abundance of these species in Sitka. We also identified well-being components associated with subsistence and commercial fisheries use of the focal species, as well as the direction of the linkages between them, to generate the human dimensions components of these models. This study represents a steppingstone for a placedbased IEA framework in Southeast Alaska.
METHODS

Study site and species selection
The Gulf of Alaska is a productive large marine ecosystem (LME) with regional gradients in species diversity, abundance, and biomass. In addition to its biological complexity, the eastern and western Gulf of Alaska also differ in their physical properties (Mueter and Norcross 2002 , Mundy 2005 , Stabeno et al. 2016 , effectively partitioning this LME into distinctive ecological subregions. Sitka, a southeastern Alaska community, was selected for the eastern Gulf of Alaska for purposes of conducting a placebased component of the broader Gulf of Alaska IEA. The intent is to conduct similar place-based assessments in other communities that are within the other ecological subregions of the Gulf of Alaska.
Sitka was chosen for development of the first place-based IEA framework based on its geographic location and its relevance for, and reliance on, Alaska's federally managed fisheries. Located on the west coast of Baranof Island (Fig. 2) , one of the largest fjord regions of the world (Weingartner et al. 2009 ), Sitka is a diversified and thriving coastal community where commercial, subsistence, and recreational fishing are the most important economic, social, and cultural activities (Himes-Cornell et al. 2013 ). Sitka's largest economic driver is the seafood industry, which supports seafood processing plants and a robust local commercial fishing fleet (SEDA 2017). Subsistence fisheries represent a way of living for the majority of Sitka residents in terms of food, cultural traditions, and community identity (Sisk 2007 , Thorton et al. 2010 , Moss et al. 2016 . In comparison with other Southeast Alaska fishing communities, Sitka is the most active with respect to the number of active commercial fishing vessels and number of federal and state fishing permits (Fey et al. 2016 ). Thus, Sitka represents a substantial portion of the total commercial fishing fleet in Southeast Alaska as well as different user groups, but https://www.ecologyandsociety.org/vol24/iss3/art30/ future work could expand upon the diversity of communities within this region to move beyond localized value systems. Pacific halibut and Pacific herring are two of the most important commercial and subsistence fisheries for the community of Sitka (AFSC 2016 , Fey et al. 2016 . For the purposes of this study, the term subsistence is used to encompass all noncommercial fishery harvests by residents of Sitka for the purposes of consumption. Halibut and herring consistently represent two of the most commercially valuable species landed in the community, and halibut is the third most important fishery in terms of the number of Sitka resident-owned vessels participating (AFSC 2016). Halibut is one of the top two subsistence sources of food by weight in the community (Wolfe 2004 , Himes-Cornell et al. 2013 , and herring is a cultural keystone species for Alaska Natives, prominently incorporated within various oral histories, names, songs, dances, regalia, etc. (Thornton 2015, Thornton and Kitka 2015) . Herring roe is particularly prized as food. This subsistence fishery takes place in the spring when female herring deposit their eggs on hemlock branches that are submerged along the shore; these branches are typically cut up and frozen for distribution to elders and families (Wolfe 2004) . In 2016, a subsistence fishery for herring spawn in Sitka Sound yielded 38.4 tons, 97% of which was shared with other households in Sitka and in other communities (Sill and Cunningham 2017) .
Building conceptual models
A research team from NMFS AFSC and UAF, assembled the ecological and environmental aspects of the conceptual models for each focal species by synthesizing available scientific information on the biology and ecology of these species. Literature review started with a bibliographic database search using Internet search engines, i.e., Google Scholar, and the library catalog of University of Alaska system as the main access points. Concomitantly with search engines, we consulted bibliographies in the most updated stock assessments for each focal species as well as any relevant information provided by the Alaska Fisheries Science Center (https://www.afsc.noaa.gov/), the Alaska Department of Fish and Game (http://www.adfg.alaska.gov/), and the International Pacific Halibut Commission (https://www. iphc.int) web sites. We identified key components within and linkages among environmental and biotic, i.e., main predators, prey, and competitors, components. We documented peer-review or official technical reports for each link: a minimum of one publication was considered sufficient to support a link. A link direction, i.e., positive, negative, or unknown, and a link description, i.e., summary of the interaction, were recorded (Appendices 1, 2). Contrary to what we were expecting, we did not find conflicting link directions among the different references. We prioritized publications where the study site was in or near Sitka Sound or Southeast Alaska, but if no reference was found within this region, we expanded the search to the entire Gulf of Alaska. Environmental variables included oceanographic properties, e.g., sea surface temperature, winds, and freshwater input, and intra-decadal patterns of climate variation, e.g., ENSO, Aleutian low, with a direct effect on the former. From the available literature, the most commonly reported oceanographic properties affecting abundance of the focal species were selected. In the case of the food web relationships, we only included the main four diet components and mortality sources, based on abundance. For model visual simplicity purposes, we aggregated different species within a functional group into a single model node. For example, "marine mammals" or "secondary production" are single nodes that include an array of taxonomically diverse species with a similar ecological function. Appendix 1 contains the expanded version of the different species within each of these nodes. We maintained simplicity in these models by minimizing the number of variables in an effort to aid interpretation and reduce uncertainty (Reum et al. 2015) , but maintained sufficient realism to capture pivotal ecological dynamics.
The research team then conducted two participatory workshops in Sitka with local residents in April 2018, one focusing on ecological components and the other on human dimensions of local fisheries. Participatory methods are particularly helpful when group interactions produce insights that may be less accessible without group dynamics (Morgan 1997 , Wilkinson 1998 , Kidd and Parshall 2000 and have been utilized in other contexts to elicit information about the links between human wellbeing and utilization of natural resources (McLain et al. 2013 . With the assistance of collaborative partners in the community (including the local university, science center, and nongovernmental organizations) as well as publicly available information on testimonies to fisheries managers and the local government, newspaper articles, and web sites, we identified key informants for these workshops who have in-depth and specialized knowledge of the community's interaction with their local fisheries (Tremblay 1957, Krueger and Casey 2000) . Workshop participants were contacted by phone and via e-mail by a researcher to describe the study, the intent of the research, why their specific input was being sought, e.g., expertise in the halibut longline fishery, and to invite participation. Participation in the workshops as well as voice recordings were voluntary and based on principles of informed consent (Homan 1991) .
We targeted key informants from several different groups including subsistence and commercial use harvesters, harvester representatives, and fishery managers for each of the study focal Ecology and Society 24(3): 30 https://www.ecologyandsociety.org/vol24/iss3/art30/ species, community health and well-being educators and leaders, Alaska Natives and Sitka Tribe representatives, and scientists with expertise in the surrounding ecosystem structure. Workshop participants consisted of two to three representatives from most of the target groups, with a total of n = 13 participant for the ecological workshop and n = 12 participants for the human dimensions workshop, with several individuals participating in both. Participants represented nearly all of the major stakeholder groups and community experts in fisheries utilization in Sitka; although Sitka Tribe members were not present at the workshops, two natural resource managers for the tribe were present. Despite targeted efforts by researchers to elicit participation from the charter sector, which is an important fisheries user group in Sitka, members of this sector were not available to participate in this research. The key distinction between participants at the human dimensions and ecological workshops is that the former included community health and well-being educators and leaders, and the latter included scientists with local ecosystem expertise. The other target groups were represented at both workshops although not necessarily by the same individuals, though continuity was helpful for context. This sample size has been shown to be sufficient in purposive sampling design (Guest et al. 2006 , Rohrbach et al. 2016 , especially when coupled with reaching the point of theoretical data saturation (Strauss and Corbin 1990) which we detail below. The workshops lasted three hours each. Researchers used process agendas and interview guides to conduct the workshops (Krueger and Casey 2000) .
The ecosystem workshop discussion centered on the identification of connections between focal species and various components of the Southeast Alaska ecosystem based on personal experiences, knowledge, and in situ observations by Sitka residents. Workshop participants were presented with a focal species and asked to identify the key environmental and biotic components that influence changes in the abundance of that particular species over time. Abundance, i.e., total number of individuals and the way these numbers vary with time, was chosen as the main population metric mainly because of its interpretability among different stakeholder groups but also because it is a reasonable predictor of extinction risk, reflects general processes that are important to all populations, and it is a measurable parameter (McElhany et al. 2000) . The workshop session was divided in two sections, one for each focal species, and progressed in two phases. First, participants were provided with writing materials in the form of handouts and encouraged to draw or otherwise describe their own conceptual model for the focal species. Following the individualized exercise, participants constructed ecosystem models as a group. Ecosystem networks were drawn on whiteboards at the head of the room, with participants instructing the workshop leaders on what components to include, and where and in what direction to draw cause and effect connections. When an environmental or biotic component was identified as important by one or more participant, the workshop leaders then asked participants to identify both the direction of its effect on the focal species, or another ecosystem component, and provide a mechanistic description of the relationship.
The human dimensions workshop examined how residents of Sitka interact with their local fisheries and how those interactions may affect community well-being. The intent of this workshop was to develop a framework to identify linkages between the focal species and social, economic, and ecological well-being in Sitka (as defined by people in the community). As recommended in the literature, we developed an interview guide that consisted of nondirective questioning with open-ended topic areas to elicit spontaneous and multilayered responses (Kidd and Parshall 2000) , a methodology that has been successfully utilized in similar contexts to elicit information about values associated with ecosystem usage (Gould et al. 2015 . The interview guide for this workshop was developed around four focal discussion topic areas that were theorized to underpin these linkages: (1) the importance of these fisheries to Sitka residents, (2) factors affecting resident participation in these fisheries, (3) responses to changing fishery and environmental conditions, and (4) impacts of changing conditions on resident's capacity to derive well-being from fishery resources. These discussion topics were intended to build the well-being blocks and drivers of fisheries use, as well as the direction of the linkages between them to generate the human dimensions components of the conceptual models.
Several data and information gathering techniques were utilized throughout the workshops including handouts for participants to respond to specific topics and write general notes, major themes summarized on flip charts for immediate participant feedback (only for the human dimensions workshop), note taking by two researchers, and voice recording for later transcription (Krueger and Casey 2000) . The handouts provide participants with an additional mechanism of providing feedback that is less subject to group dynamics and issues with group censoring and conformity that may arise as a result (Kidd and Parshall 2000, Carey 2016 ). The major themes summarized on the flip charts also served to keep track of data saturation points on each topic, and to reduce repetition. The workshops were followed by an immediate debriefing process wherein the researchers discussed the major themes that emerged during the group discussion and the context of the discussion (Kidd and Parshall 2000) .
The major themes and related discussion during the ecosystem and human dimension workshops were separately summarized by the researchers and provided to participants for feedback within two weeks of the workshops itself. This follow up process served as an opportunity for participants to challenge any interpretations by the researchers and to provide further thoughts or explanations. The environmental and biological components provided during the individual and group activities were listed and coreferenced with the components already identified during the literature review process. The well-being components were added to this final list of model constituents. The connection between the ecosystem and human dimension components was specified through a "fishing" factor that represents the local fishery for the two focal species. This fishing factor had a positive link direction toward Sitka community well-being and negative direction toward the abundance of focal species.
RESULTS AND DISCUSSION
The halibut and herring coproduced conceptual models represented a comprehensive effort to understand the ecosystem structure and human aspects of the Sitka community with respect to the focal fisheries. The integrity and relevance of these models to managers and stakeholders relies on the coproduction of knowledge between scientists and the community as well as the Ecology and Society 24(3): 30 https://www.ecologyandsociety.org/vol24/iss3/art30/ integration of human well-being and ecological components of the ecosystem.
Both models were similar with respect to ecological structure and human dimensions (Fig. 3a,b) . The ecological and human dimensions components, as well as the direction of linkages among these components, remained the same between the halibut and herring models. There were a total of nine environmental nodes (rectangles), 20 biota nodes (triangles), and two human dimension nodes (diamonds), one representing the fishery and the other representing 25 Sitka community well-being components (Fig. 4 ). Lines between model nodes indicate either a positive (arrow head) or negative (dot head) effect on the terminal group (Fig. 3a,b) .
Ecological model components
About 88% of ecological model components and link directions determined during the scientific literature review process were also identified by Sitka workshop participants. This high concurrence elucidates the expertise that participants possess about the surrounding ecosystem. The unaccounted components were related to a few prey and predator species for both the halibut and herring models. For example, pollock (Gadus chalcogrammus) as prey for halibut and as predator of herring, was not identified by Sitka workshop participants. This might be explained by the spatial scale of local stakeholder observations versus published food web models (e.g., Aydin et al. 2007 , Gaichas et al. 2010 ). The latter are conducted using groundfish diet composition summarized at the scale of the whole Gulf of Alaska and not by subareas that would be more commensurate to spatial scales appropriate to local observations. For instance, pollock are more abundant and support trawl fisheries in the central and western Gulf of Alaska and have a greater impact on regional food webs compared to eastern Gulf of Alaska where they are less abundant (Brodeur and Wilson 1996) and trawling is prohibited. The integration of LEK into available diet composition studies might thus be used as an indirect survey method for inferring differences between regional and local fish diets and abundance, when data at smaller geographic scales are not available.
The ecological model components that were solely identified by Sitka workshop participants (and not previously identified during the literature review process), were grouped into six topic groups (Tables 1a, 1b): (1) anthropogenic impacts on ecosystems, (2) fish movement and migration, (3) biological interactions, (4) local environmental factors, (5) habitat (only for herring), and (6) miscellaneous. All of these components were direct LEK contributions from the Sitka community to the research process and are discussed at length in the following paragraphs. However only some of these components were included in the final models (yellow highlighted components; Fig. 3a,b) , based on the following selection criteria: (1) only components with a direct effect on the abundance of focal species, their prey, or predators, were considered, i.e., first and second order interactions, and (2) only components that have a potentially quantifiable effect on the abundance of the focal species were considered.
The motivation for the aforementioned criteria was model simplicity mainly to keep models tractable. This simplicity also offers model interpretability across stakeholders from any background, which facilitates the use of these models as a research tool. Nevertheless, trade-offs of model simplicity have to be considered (Reum et al. 2015 , Harvey et al. 2016 . For example, (1) aggregating several species in one node reduces functional diversity, (2) decreasing the number of links between nodes by focusing only on direct effects on the abundance of focal species oversimplifies ecosystem dynamics, (3) assuming linear dynamics between model components minimizes ecosystem complexity, and (4) constraining fishing dynamics only to the abundance of the focal species limits the research scope. Furthermore, it is important to recognize essential flaws in conceptual modeling such as potential information deficit, excess, or redundancy (Carvalho and Almeida 2018) . However, the adaptability and flexibility of conceptual models due to their intuitive and visual nature should allow researchers to address some of these tradeoffs according to subsequent research objectives. Also, these models are expected to be used as a communication tool. For example, the halibut and herring models have been further illustrated to engage a broader audience and these images are expected to be used for teaching, outreaching, and touristic purposes (Appendix 3).
From the LEK generated topic groups, anthropogenic impacts on the ecosystem were identified as having an overall negative directional effect on the abundance of the focal species. Among these components, issues like bycatch, alteration of coastal habitats for human use, i.e., construction, ocean pollution, and ocean acidification were each mentioned by more than one person during the workshop, highlighting the importance of human activities as drivers of ecosystem change.
For the halibut movement and migration topic group, workshop participants made a distinction between what they called "settlers" and "travelers" in reference to short versus extensive fish migrations. This local observation might be based on fish movements between summer feeding grounds to winter spawning areas (Skud 1977 , Parker 1988 . Additionally, some of the juvenile and adult halibut do not return to the same feeding grounds and make extensive transboundary emigrations (Loher and Seitz 2006, Loher 2008) . Workshop participants maintain that they can recognize this "movement trait" based on different physiological characteristics of fish, e.g., color, size, behavior. In the case of herring, lunar cycles were identified as a pivotal factor affecting vertical and horizontal migrations, as well as feeding behavior. This local observation is supported by a wide array of studies. For example, an increase in spawning frequency of herring has been observed during periods of full and new moons (Hay 1990 ). Vertical migration is also highly dependent on light intensity with fish moving to the surface at dusk and to deeper waters at dawn (Blaxter and Parrish 1965) , but with a bright moonlight being sufficient to cause migration from the surface to deeper layers at nighttime (Stevenson 1962) . Marine mammals were not only identified by workshop participants as herring predators, but also as a source of change in horizontal distribution. Herring schools can take strong and diverse evasive actions, e.g., schools shapechanging and dive events, in the presence of predators such humpback (Megaptera novaeangliae) and killer whales (Orcinus orca; Sharpe and Dill 1997, Nøttestad and Axelsen 1999) .
Almost all of the prey-predator interactions identified by workshop participants were included in the final models as they were cross-referenced with diverse diet composition studies, with a few exceptions. Although a voracious predator, lingcod (Ophiodon elongatus) was not included as a halibut predator because this generalist predator has no reported preference for halibut (Shaw and Hassler 1989, ADFG 2017) . Similarly, Dolly Varden char (Salvelinus malma) was not included as a significant predator of herring because herring are not among its preferred prey (Rooper and Haldorson 2000, Bishop and Green 2001) . Neither lingcod nor Dolly Varden were highlighted by workshop participants as primary sources of halibut or herring mortality.
As expected, local environmental factors were mentioned by the majority of participants during the workshop. Southeast Alaska has spatial heterogeneity in physical processes that control local circulation and mixing, which create prolific and diverse marine habitats (Weingartner et al. 2009 ). The Sitka eddy (a welldeveloped, anticyclonic baroclinic eddy, located a few hundred kilometers off Sitka), massive freshwater input, and local current patterns were all identified as critical physical processes driving recruitment or survival of the focal species in Sitka Sound. Macronutrients from the basin are provided to the coastal system through a number of processes including topographic steering, eddies, upwelling in response to horizontal shear in the barrier jets, and on-shelf flux in the Ekman layer (Stabeno et al. 2004) . Large quantities of freshwater discharge promote stratification in the upper fjord, while strong tidal currents enhance vertical mixing (Stabeno et al. 2004) . Intermediate stratification, higher light levels, and nutrient renewal are all conditions that promote high primary productivity in this area (Whitney et al. 2005 , Crawford et al. 2007 , Ladd 2007 .
The "Habitat" topic group was only identified by workshop participants for herring because spawning occurs on both eelgrass and kelp forests. Therefore, factors affecting the structure of these Fig. 4 . Sitka halibut (Hippoglossus stenolepis) and herring (Clupea pallasii) abundance-based well-being components. Signs (+ positive; -negative; ± positive or negative) indicate relationship type between each component and abundance of focal species. This Venn diagram represents the expanded version of the "community well-being" diamond in Fig. 3a,b. habitats were discussed. For example, the interaction between sea otters, sea urchins, and kelp was identified as a potential ecological process that might affect herring abundance. The maintenance of diverse spawning locations in Southeast Alaska was a critical issue raised by Sitka workshop participants. Marine vegetation is known to benefit herring eggs by decreasing the risk of benthic predation (Carls et al. 2008 , Moss et al. 2016 , Keeling et al. 2017 . Some other concepts mentioned during the workshop were grouped under a "Miscellaneous" topic group. A pyrosome bloom, which occurred in the Northeast Pacific in 2017, was identified as an important factor for both the halibut and herring models. Pyrosomes are free-floating colonial tunicates with high filtration rates that can potentially reduce phytoplankton biomass locally (Archer et al. 2018 , Brodeur et al. 2018 ). However, it remains unclear how extensive this grazing pressure may have been in 2017 and what were the real implications of this bloom for coastal productivity in this area (Archer et al. 2018 , Brodeur et al. 2018 . Pathogens, specifically viruses, were identified by workshop participants for herring. Viral hemorrhagic septicemia (VHS) and the associated virus (VHSV) have been isolated from herring since the 1990s and have been associated with reduction in fitness and mortality of juvenile fish (Meyers et al. 1999 , Kocan et al. 2001 , Marty et al. 2003 . Finally, other species interactions were mentioned as potential sources of change in the abundance of focal species. In the case of halibut, participants alluded to a potential increase of fishing pressure on halibut whenever Chinook salmon (Oncorhynchus tshawytscha) abundance was low. In the case of herring, participants assumed that an increase in abundance of other forage fish, such as capelin (Mallotus villosus) and Pacific sand lance (Ammodytes hexapterus), would reduce natural mortality of herring by reducing predation pressure.
Human dimensions model components
Sitka workshop participants discussed the linkages between specific components of well-being and subsistence and commercial fisheries use (Fig. 4) . They identified a core set of well-being components many of which have been identified previously in research efforts on marine ecosystem use and human well-being, reflecting conceptual validity (Gould et al. 2015 , Breslow et al. 2016 , Biedenweg 2017 . In extensions of the human dimensions research in the community (Szymkowiak and Kasperski, unpublished manuscript), study participants moved some components to reflect that they are relevant for both commercial and subsistence users (social justice and equity and self-determination) and slightly expanded upon the original list by bifurcating food security into local and national components and adding governance and management. Because no additional components were noted at the end of these multiple efforts in the community and these components reflect ones previously identified with extensive efforts by a team of social scientists (Breslow et al. 2016) , we determined data saturation (Strauss and Corbin 1990, Guest et al. 2006 ). However, the Sense of self and community identity "Fishing is a way of life," "Sitka is a fishing community," "pride" Sense of place Meaning and identity connected to a place "We love this place. We love this way of life" Sense of community Social relationships within community "Respect among people in community," "sharing networks" Family connection Intra-family relationships and bonding "Quality time for family" Education and Information Possession and transmission of knowledge, information, and skills Physical health Well-being of the body "Have that food and have that level of health" Political participation Voice in advocacy and political process "Participating in Board of Fish meetings" Local food security Ensured access to safe and nutritious food, locally "Don't depend on barge," "fisheries are our road system" National food security Ensured access to safe and nutritious food, nationally "Food security at the national level" Spirituality Sacredness, deep meaning, and values "Sacredness," "customary and traditional way of life" Self determination Independence and agency "Freedom and independence" Social justice Equitable distribution of resources "Equity issues," "access," "can't afford fish with food stamps" Income security
Evidence of stability and ability to plan into the future "Reliance on income, seasonal fishing jobs" Livelihood Employment and income "Employment," "income pathways" Local economy Production of goods and services "Support services," "harbor infrastructure," "multiplier effects" Governance and Management Effective and efficient government that is readily accessible to the public "Public access to science," "dissemination of information"
Physical safety Protection from exposure to threats "Avoiding poor weather conditions"
representativeness of our findings is limited to the user groups that participated in the study, which unfortunately excluded Sitka Tribe members and the charter fishing sector.
The well-being components presented in Figure 4 were adapted from Breslow et al. (2016) for human well-being categories associated with uses of the California Current LME. The components were determined on the basis of the congruence of the phrases used by workshop participants to describe the importance and value of fisheries use and the attribute definitions used in Breslow et al. (2016) . For example, participants noted that "Sitka is a fishing community" and that "fishing is a way of life," which were classified as sense of place and community identity and summarized as "identity" for a well-being component. Definitions of each well-being component along with example phrases used by participants that were classified under each component are provided in Table 2 . These definitions vary slightly from those utilized in Breslow et al. (2016) to capture unique distinctions identified by participants and achieve local validity. For instance, there was considerable discussion about the connection of fisheries to a personal and community identity, sense of place, and sense of community, which were differentiated by participants on the basis of emotional ties, geography, and social relationships.
For most of the well-being components, the group discussion conveyed a positive relationship, i.e., sign, with fisheries abundance. However, participants discussed competition over diminished fisheries as a driver of political participation (a component of well-being previously identified by Breslow et al. 2016) , incentivizing their engagement in fisheries management meetings to advocate for their user group and point of view, implying a negative relationship. Workshop participants noted that the relationship between abundance and stewardship was also differentiated by species life stage and use type. Users may purposely avoid harvesting fish during their juvenile stage in an effort to provide for greater yields in the long-run. Participants noted that flexibility in switching species for stewardship purposes may be differentially constrained between commercial and subsistence users based on inter alia their access to alternative https://www.ecologyandsociety.org/vol24/iss3/art30/ fishing permits, gear, vessels, opportunity costs, and the interchangeability of the species themselves. For example, natural resource managers for Sitka Tribe noted that because there is no substitute for the cultural and spiritual importance of herring eggs to the Alaska Natives of Sitka, their participation in this subsistence fishery is largely irrespective of costs. Therefore, recent changes in the location, timing, and abundance of herring spawn around Sitka (ADFG 2018) have increased their costs of participating in this subsistence fishery, but not their obligation to do so.
As described before, Figure 4 does not differentiate between halibut and herring because these well-being components were consistently identified for both fisheries. However, participants noted that these species are not interchangeable in terms of how they are processed, eaten, and the cultural values and traditions associated with their acquisition and consumption. Furthermore, we did not seek to weigh these components in any way although the degree of the importance of any one component could be differentiated for herring and halibut, relative to other components for each fishery or between fisheries. For example, herring eggs were noted by participants as being particularly important for their spiritual and cultural values to Alaska Native residents of Sitka, while halibut may be more important, for example, with respect to food security because of the volume of subsistence harvests in this fishery.
Most of the well-being components identified by Sitka workshop participants were concordant with each other for both subsistence and commercial fishing users, as seen in Figure 4 . Nevertheless, participation in the commercial sector was linked with well-being components for employment, income, and economy that were not relevant for subsistence users. Physical safety was identified by commercial participants in relation to fisheries abundance in that the fleet could avoid poor weather conditions when healthy stocks coupled with management paradigms provide for long fishing seasons. Subsistence users, on the other hand, note that they are unlikely to participate in fisheries in bad weather. Subsistence users also identified several well-being components that were unique to this use type. Discussion about food security, selfdetermination, and social justice overlapped to some extent on themes of equity, access, agency, and security. Participants discussed how subsistence fishing provided for equitable access to resources for economically vulnerable populations that may be unaffordable at local grocery stores, a sense of security in being self-sufficient, and the expectation that the food was not contaminated. One participant likened local fisheries to a road system in other parts of the country, providing goods and services and connecting communities in Southeast Alaska, which are largely isolated and accessible only by water and air transportation. Participants' spiritual connection to fisheries was also noted specifically with respect to subsistence uses.
Participants noted that commercial and subsistence fishing are integral to personal and community identity in Sitka and are a source of pride. Fishing permeates various aspects of the community from its physical layout and aesthetic beauty, with its many harbors and working waterfronts, to the types of employment and education opportunities that it provides. For example, participants discussed the importance of fishing to employment opportunities not just directly in commercial fisheries, but support service businesses (processing, cold storage, etc.), and natural resource management, as well. Local fisheries, and the ocean ecosystem more broadly, also provide educational opportunities for residents from primary through graduate school with hands-on learning opportunities, as well as an important source of income for local youth to earn money to pay for college. The opportunities afforded by these fisheries also help the community to retain its youth, which was highlighted as critical to its longevity and capacity to sustain healthy food sharing networks, for example, which values the provision of resources to village elders.
Across both commercial and subsistence users, participants discussed the value of fisheries participation to physical and mental health, building personal connections and social relationships, and maintaining cultural values and traditions.
There was extensive discussion about the reliance on local fisheries for sustenance, nutrition, and overall physical health benefits. Participants also noted the contribution of fisheries participation to emotional wellness, sustaining a connection to the water and the outdoors more generally, and providing an enjoyable and fulfilling activity that builds skill sets. Cultural and family wellbeing were also deeply rooted in fisheries participation for workshop participants with various associated aspects including spending quality time together, passing on harvesting and processing knowledge and traditions, and retaining a commercial fishing family heritage through multiple generations.
Some well-being components were discussed specifically in response to the interview guide question about the impacts of changing conditions on resident capacity to derive well-being. Participants noted that increasing competition over decreasing resources has negatively affected livelihoods for the local commercial fishing fleet, their sense of community, enjoyment and fulfillment, mental health, capacity to sustain cultural values and traditions, and the spirituality of participating in certain fisheries. Interestingly, for both commercial and subsistence use participants, increasing operating costs in response to decreasing fish abundance and associated restrictive management changes have led to increasing reliance on information and cost-sharing networks in the community, which may in turn actually increase social bonds in the community.
CONCLUSION
The implementation of EBM presents itself with numerous challenges to decision makers. Many of these challenges are related to the elucidation of the interconnectedness of the dynamic physical environment and the coupled social-ecological system (Fletcher et al. 2014) . IEAs are a tool designed to minimize those challenges (Fletcher et al. 2014) . One of the early stages of IEA development is the construction of conceptual models as an illustrative method to identify, integrate, and communicate relevant components and linkages in marine ecosystems. We presented conceptual models for Pacific halibut and Pacific herring as the basis of an IEA approach for Southeast Alaska. These models were a coproduct of Sitka stakeholders and scientists. Assembling interdisciplinary information from diverse sources and documenting available scientific literature resulted in the cocreation of a visual representation of focal fisheries in the Sitka Sound ecosystem. These conceptual models are useful communication tools for stakeholders and scientists alike to provide a holistic understanding of the ecosystem structure. Importantly, these conceptual models have the potential to (1) https://www.ecologyandsociety.org/vol24/iss3/art30/ identify knowledge gaps in the biology, food web interactions, and important economic and social outcomes of focal species, (2) inform ecosystem research needs and provide the basis for developing and testing causal hypotheses, and (3) be used in modeling techniques to simulate diverse management scenarios.
Our models were derived from a participatory process that serves to capture and integrate LEK, and thus local management needs, into the IEA framework which is essential to build local community trust in management programs (Ingram et al. 2018 ). The amalgamation of LEK and scientific knowledge cannot be overstated. The transferable knowledge between scientists and stakeholders inherently improves the accuracy in describing complex social-ecological systems. Furthermore, there is literature indicating that the linkages between well-being and natural resource use may be context specific depending on the scale of the categorization, from indicator to component (Biedenweg 2017) , so that well-being components linked to resource use should be localized to the extent possible. For this study, LEK also provided local and long-term perspectives on the distribution and abundance of our focal species. By crossreferencing LEK with conventional scientific sources, such as peer review publications, we also improved our overall capacity of interpreting local biological and ecological dynamics. Using participatory methods to construct conceptual models also helps to develop a social learning between stakeholders and scientists and enhances transparency of the assumptions built into the models (Salter et al. 2010) . Decision making and management also require incorporation of stakeholder input for successful implementation. Stakeholder engagement is a required component of EBM as specified by the Magnuson-Stevens Fishery Conservation and Management Act (Wadsworth et al. 2014 , Glass et al. 2015 .
Conceptual models can evolve from being an illustrative and communicative tool of the ecosystem structure to a simulation modeling tool (Harvey et al. 2016) . For example, qualitative network models (QNMs) are mathematical representations in which perturbations are assessed for their qualitative impact on the system of interest (Reum et al. 2015) . They are used to operationalize conceptual models (Harvey et al. 2016 ), allowing to (1) explore various management actions, as well as ecological, economic, or social shocks, (2) evaluate trade-offs among these scenarios, and (3) determine any unexpected outcomes from proposed management strategies (Reum et al. 2015) . In future research, we intend to develop QNMs based on the conceptual models presented here. By conducting a series of simulations we will try to understand how different components of the model respond to a particular perturbation or environmental condition and we will evaluate trade-offs across human well-being components. It is paramount that any potential identification of sustainable management strategies resulting from these modeling techniques will be based on conceptual models derived from a participatory process and transdisciplinary knowledge integration.
We are also working on expanding the human dimensions linkages of our conceptual model. A pivotal part of this paper was the linkage between the abundance of the focal species and human well-being components for Sitka residents. However, workshop participants discussed a variety of other factors that affect their decisions about fisheries participation and whether and how they derive well-being from their local fisheries. Researchers are currently synthesizing this information, which coupled with outputs from a follow-up workshop in Sitka, will be utilized to develop quantitative indicators of the multiple facets of fisheries participation and human well-being for Sitka residents beyond abundance-based linkages.
We define our research process here as "placed-based participatory IEA" because it includes the development of an IEA framework, at a local scale, with active and direct participation of community members. The next step of the IEA loop framework will include the operationalization of local EBM objectives and the development of local social and ecological quantitative indicators with input from Sitka community residents. The local ecosystem conceptualization presented here, provides the stepping-stone of the entire IEA framework, which is expected to be replicated in other Gulf of Alaska communities, contingent on funding. Therefore, the long-term goal of the Gulf of Alaska IEA program is to incorporate social-ecological distinctive regions of the Gulf of Alaska LME into one unifying framework. This process will likely result in the composition of a more holistic and integrated approach to manage sustainable Alaskan fisheries and communities.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/11074
